Aim: The aim of this study was to investigate how organized Physical Activity (oPA) can contribute to the promotion of preschool aged children's health and specifically to health indicators such as adiposity, bone and skeletal health, cardiometabolic health, motor skill development, cognitive development, and psychosocial health.
INTRODUCTION
Nowadays obesity is one of the most serious risks for children's health, reaching epidemic levels (1) . This rise in childhood obesity in the developed world, as well as the problems it bears, has turned the attention of researchers towards the detection of the root causes of the phenomenon, and the pursuit of the best practices for its avoidance.
However, until a few years ago, the lion's share of the research had focused on childhood and adolescence, while little attention had been paid to younger children's needs. The reason for that may have been the common belief that preschool age is a period during which children are usually active and consequently healthy. Nonetheless, the World Health Organization (2) estimates that more than 42 million preschool aged children are overweight, while several researchers report on the low physical activity levels and high sedentary ones for that specific age (3, 4) .
The first years in human beings' life constitute a critical period for both their development (5) and the formation of physically active behaviours (6) . Taking the above into consideration the need for the increase of preschoolers' physical activity (PA) as well as the planning of appropriate physical exercise programmes becomes imperative. According to WHO (2) , an important public health message should be the idea of PA "investment". However, nowadays, when spontaneous PA is reduced and sedentary behaviours are increased (7) the promotion of organized developmentally appropriate PA programmes seems to be necessary in order for that "investment" to be accomplished.
The present study aims at investigating how organized PA (oPA) can contribute to the promotion of preschool children's health. For that purpose, health indicators that are of priority in that specific age and are presented by Tremblay et al. (8) have been adopted. Those indicators were the following: adiposity, bone and skeletal health, cardiometabolic health, motor skill development, cognitive development, and psychosocial health.
MATERIALS AND METHODS
A literature search of interventions to improve health in preschool age was performed in the MEDLINE, PsycINFO, SportDiscus, Scopus, and Google electronic databases. In order to include all possible relevant published studies, no date range was specified.
Search was conducted combining terms of three central key elements: preschool age (key words: preschool, kindergarten, young children); oPA (key words: physical activity, exercise, intervention, programme); health (key words: motor/movement skills, motor proficiency, motor development, coordination, health, bone, skeletal structure, adiposity, body mass index, obesity, body fat, psychosocial health, social competence, self esteem, social skills, cognitive development, language). Key terms referring to health were combined with "or" as was the case with terms relating to organized physical activity. Then, the results of the grouped searches for health and PA were combined with "and" so as to have papers related to the effect of PA interventions on children's health. Reference lists of the articles were also manually searched.
Included in the review were only studies meeting the following criteria: published or accepted for publication studies; written in English; intervention with any type of oPA; 2-6 years old participants; pre-and post-objective assessments of the intervention effects; presence of a control group (CG). For the purpose of the study, as CGs were defined children who engaged only in free play and/or continued to receive the typical kindergarten curriculum.
Several studies cited in the present paper presented major outcome measures other than those relevant to the aim of this project. These outcomes are described either briefly or not at all.
RESULTS
The database searches revealed a total of 1,473 potentially relevant articles. Screening of titles and abstracts reduced that list to 74 articles. All of them were reviewed, including their reference lists and 22 intervention studies meeting the inclusion criteria were identified.
The included studies involved 3,644 participants among 3-8 years of age. The interventions lasted from 6 weeks to 8 months and covered various types of PA. One study compared two different intervention programmes vs control. Regarding the health indicators studied, four articles reported on the effect of an intervention on adiposity, three on bone and skeletal health, zero on cardiometabolic health, 12 on motor skill development, two on cognitive development, and four on psychosocial health (Table 1) .
Review of oPA Effect on Preschoolers' Health Adiposity
Obesity is determined by multiple interactions among human genes (9) and environment (10) . Among those risk factors, diet and PA seem to be very important (14) . Regarding PA, both cross-sectional and longitudinal studies have showed its strong relationship with children's body mass index (BMI) (11) (12) (13) .
However, the findings of studies examining the effect of oPA on children's adiposity are poor and in some cases conflicting. Mosuwan et al. (14) evaluated the effect of an exercise programme on the obesity measures (BMI and triceps skinfold thickness) of 292 second grade elementary pupils. The experimental group (EG) of this study participated in an exercise programme that was conducted three times per week and comprised two parts: a 15 minute morning walk and an afternoon aerobic dance session lasting 20 minutes. The children of CG, on the other hand, continued their regular PA programme. After the implementation of the programme for 29.6 weeks, it was found that the exercise group reduced the prevalence of obesity indexes more than the control one; however, the difference between those two groups was not significant. Moreover, girls were found to respond to the exercise programme differently compared to boys, having reduced the likelihood of revealing an increased BMI by 68%. The authors attributed that finding to the probable stricter following of the exercise programme by girls compared to boys and to the fact that girls are usually less physically active, and consequently the implemented intervention had a significant effect on their energy expenditure.
Similarly poor were the findings of Reilly et al. (15) who assessed the effect of a PA intervention on the BMI of 545 preschoolers in Scotland. The intervention consisted of a 24 weeks PA programme in nursery (three 30-minute sessions per week) and health education conducted at the participants' home aiming at increasing PA through play and decreasing sedentary behaviour. At the same time, CG continued with their usual curriculum. Both experimental and CG's BMI was assessed six and twelve months after the beginning of the intervention but no significant results on the reduction of children's BMI was displayed. Reilly et al. (15) thought that perhaps their intervention was not adequate enough to change children's BMI.
Inconsistent with each other were the results of the two studies of Fitzgibbon et al. (16, 17) , who examined the impact of a dietary/PA intervention (Hip-Hop to Health Jr.) on changes in BMI of preschool minority children. Both interventions lasted 14 weeks each and included three 40-minute sessions per week with two components: healthy eating or PA education and aerobic activities. Moreover, parents were weekly informed about their children's curriculum and completed homework assignments. CG received a general health intervention not addressing diet or PA. Measures for both studies were conducted at baseline, post intervention, and at years 1 and 2 follow-up. In their first study (17) , 289 Afro-American children aged 3-5 participated. According to their results, EG presented significantly smaller increases in BMI compared with the controls both at 1-and 2-year follow-ups. The researchers concluded that Hip-Hop to Health Jr. may be an effective approach for obesity prevention in preschool aged minority children. Nevertheless, the results of their second study (16) in which 331 Latino children participated were null. No differences were found in children's BMI at either post-intervention, year 1 or year 2 follow-ups, pinpointing that the programme was not effective for Latino children. The authors attributed this finding to cultural differences evoking different family practices on food, children's PA, parents' role as models for PA, etc.
Bone and Skeletal Health
In the last decades there is an increased prevalence of osteoporosis (18) . The risk of that disease development seems to be influenced by the bone gain early in life (19) and PA is a major contributor to that (20) .
The main body of literature regarding the impact of PA on preschoolers' bones comprised Specker et al. and Binkley et al. work (20) (21) (22) . In their first paper (21), they tried to identify factors influencing bone features such as body bone area (TBBA) and total body bone mineral content (TBBMC) in 239 3-5 years old children. PA was among the factors examined but the results did not show a relationship between TBBMC or TBBA and PA. In the next step of their study (20) , the aforementioned participants were randomly assigned to join a fine or gross motor programme for 12 months. Among them, 178 completed at least 38 weeks of the programme (in a 50 weeks total) and their data was presented. Each session lasted 30 minutes per day, five days per week. Moreover, in each group half children received calcium (1,000 mg/day) and the other half placebo. According to the results, there was a significant interaction between activity (20) concluded that PA programmes stimulate bone growth in diameter and their combination with calcium intake culminates to a greater cortical thickness and area. In 2004, Speckler and Binkley examined if the changes in leg bone mineral content and size caused by the aforementioned intervention were maintained 12 months after its end, by conducting follow-up measurement in 161 children from the sample of their previous study (20) . The results revealed greater increases for arm bone area, total body and arm bone mineral content for the gross motor activity group, while there were no differences in bone area (BA) or BMC due to calcium intake. Furthermore, differences in tibia periosteal circumference found at the end of the intervention, persisted twelve months later with a tendency towards greater endosteal circumferences in the children of gross motor activities. It is worth mentioning that children of the gross motor group presented higher levels of PA than the fine motor group, six months after the end of the intervention. According to the authors (22) , that may be the explanation for their greater gains in total body and arm BMC and arm BA, a finding absent at the end of the intervention.
Laing et al. (23) tried to identify whether the skeletal advantages presented in child gymnasts have already existed before their participation in gymnastics or are a result of it. For that purpose, changes in BA, BMC areal bone mineral density (aBMD) over 24 months were examined in 65 girls, 4-8 years of age, who chose to perform recreational gymnastics and 78 ones who preferred to participate either in non gymnastic activities or in no organized activity. Two years after the onset of the study, gymnasts had greater mean responses for total body aBMD and forearm BMC as well as increased rates of lumbar spine aBMD and forearm BA compared to the control females even in the cases they had lower bone mineral before the onset of training. According to Laing et al. (23) , the tasks used in introductory gymnastic classes seem to be sufficient to cause gains in both bone mineral and size, especially spine and forearm.
Cardiometabolic Health
The cardiovascular disease development has been proved to begin as early as childhood (24) since risk factors like elevated cholesterol and blood pressure identified at that age follow children until they become adults (25) . Observational, non-intervention studies provide some evidence for the positive effect of PA on cardiovascular risk factors prevention. In their longitudinal study Sääkslahti et al. (26) found that PA was associated with coronary heart disease risk factors (serum total cholesterol, HDL/total cholesterol ratio, triglycerides, cholesterol concentration, and systolic blood pressure) with differences between boys and girls. Specifically, in 6 years old girls high PA was negatively related to serum total cholesterol and positively to the HDL/total cholesterol ratio, while boys' PA correlated positively with serum HDL cholesterol concentration, HDL/total ratio and systolic blood pressure. In another longitudinal study (27) , it was proved that PA of at least moderate intensity which sustained over three years was linked (even though weakly) to the improvement of children's metabolic health indicators (insulin resistance, triglycerides, cholesterol/ HDL ratio and blood pressure).
However, no study examining the effect of a PA intervention on preschoolers' cardiovascular health indicators has been identified.
Motor Skill Development
Preschool age is very crucial for human motor development, as during that specific period the fundamental movement skills, thought to be a prerequisite for both functioning in everyday life and participation in PA or sports later (28) , are built up (5). Motor proficiency has been proved to be positively associated with PA (29) . On the other hand, time spent in PA alone does not seem to be sufficient to cause positive changes in children's motor proficiency (26, 28) , thus, oPA targeting at specific outcomes is on demand (30) .
As motor skill development is considered to be the basic outcome of a movement programme, several researchers have investigated the results of various interventions of oPA. In four studies, music/movement programmes were implemented. Derri et al. (31) examined the influence of a music/movement programme on the quality of locomotion skills in 68 preschool children and found that 35 children who followed the 10-week music/movement programme surpassed those of CG in gallop, hop, leaping, and skipping. Zachopoulou et al. (32) compared the effects of a music/movement and a physical education (PE) programme, that both lasted two months, on the dynamic balance and jumping in 90 4-6 years old children. The results indicated a significant improvement of the music/movement group proving that this specific kind of exercise can positively affect children's skills. Deli et al. (30) applied two 10-week intervention programmes (one music/movement and one movement) to two EGs of kindergarten children, while the CG of the study participated only in free play, so as to examine which programme was effective in the development of fundamental movement skills. According to their outcomes, both EGs significantly improved their running, hopping, leaping, horizontal jump, and skipping compared to CG. Similar were the findings of the study by Wang (33) , in which the effect of a six week creative movement programme on the gross motor skills of 60 3-5 years old children was investigated. The movement programme was implemented in EG twice a week, for 30 minutes each time, while CG participated in unstructured free play. Wang found significant differences between the two groups in their gross motor skills and specifically the locomotion ones.
Positive were also the findings of studies in which a PE programme was implemented. Iivonen et al. (34) examined the effect of a PE programme on 84 children's fundamental motor skills. The programme consisted of two 45 minute lessons that were conducted twice a week, for eight months and according to the results, the programme was found to cause the linear improvement of the standing broad jump of experimental girls and nonlinear improvement of the running speed of experimental boys. However, the programme was not effective in the development of children's manipulative skills.
Jones et al. (35) assessed the effects of a 20 weeks PE programme for preschool children. The participants of the study (n = 86) were randomly divided to CG and EG which participated in their typical day care curriculum or the intervention programme (20-min structured lesson, plus unstructured physical activities in the afternoons). The results displayed significant improvement of the EG's scores on the Test of Gross Motor Development -2 (36). Also Reilly et al. (15) concluded that the enhanced PE programme they implemented for three 30-minute sessions every week over 24 weeks, had a significant positive effect on the EG's fundamental movement skills compared to those of CG that followed their typical curriculum.
In 2010, Ghaly (37) evaluated the effect of a movement programme consisting of 16 sessions with structured and unstructured movement patterns on 54 preschoolers' fundamental motor skills. After having applied the intervention, EG's TGMD -2 (36) scores were significantly higher than those of the control ones. Kayapmar (38) intended to estimate the effectiveness of a movement education programme on the dynamic balance of children among 5-7 years of age. Of the 80 participants, 40 served as EG, taking part in the intervention programme consisting of fundamental movement skills, games and postures and lasted one hour, three days a week for three months. The rest of the children comprised CG that kept on to regular curriculum. Results revealed the significant improvement of the EG's dynamic balance.
Apart from PE and music/movement programmes, Psychomotor Education seems to be an effective approach to children's motor development. Zimmer et al. (39) Finally, the effect of dance was investigated in one study (41) , in which EG (n = 38) attended a bi-weekly introductory to Greek folk dances programme for 20 weeks, while CG (n = 28) did not enrol in any organized PA. Results showed that although both groups displayed improvement in their scores EG surpassed the control one in the post-test.
Cognitive Development
Preschool age is regarded as a sensitive period for the brain growth and it appears that the brain grows in size, complexity, and synaptic connections due to the quantity and quality of sensory experiences (42) . Moreover, PA is considered a significant factor for early brain development and learning (43) . Evidence for that belief is provided by research findings too. In the non-intervention, cross-sectional and longitudinal study of Niederer et al. (44) in 245 Swiss preschoolers, it was found that both higher levels of aerobic fitness and better motor skills were associated with better spatial working memory and attention.
Very few studies, however, have investigated the influence of oPA intervention on preschoolers' cognitive parameters. Zachopoulou et al. (45) Yazejian and Peisner-Feinberg (46) examined the influence of a classroom-based music/movement intervention on the language skills of 207 Head Start preschool children. EG received a 30 min. music/movement programme twice a week over 26 weeks, while CG followed their typical curriculum. After the implementation of the intervention, children's receptive language ability, phonological awareness and communication skills were assessed. Results pinpointed that there were no significant differences between groups in language skills and phonological awareness; however, EG exhibited greater gains in communication skills.
Psychosocial Health
The positive effect of PA on psychosocial parameters in children and adolescents is theoretically supported (47) . Nevertheless, the research on preschool children is limited. The earliest study found was that of Platzer (48), in which the effect of a perceptual -motor programme on the self-concept of 40 children, aged 35-72 months was examined. The children of EG received the perceptual -motor programme for 30 minutes, five days a week for 10 weeks, while children of CG continued with their regular curriculum and the results supported the effectiveness of the programme for children's self-concept.
Alpert et al. (49) evaluated the impact of aerobic exercise on 24 children aged 3-5 years. Twelve of the participants had 30 minutes of aerobic exercise, consisting of vigorous movements in playlike manner, everyday for eight weeks, while the rest participated only in free play. The results showed a significant improvement of the EG's agility and self-esteem, along with decrease in their heart rate during the aerobic measurement.
Lobo and Winsler (50) aimed at examining the effects of a creative dance/movement programme on the social competence of 40 Head Start programme children aged 39-62 months. Both EG and CG had a session of 35 minutes twice a week for eight weeks. EG engaged in a creative dance/movement programme, while CG simply played together with the available toys. Results revealed that EG presented significant improvement in their social competence and significant reduction in their behavioural problems compared to CG leading the authors to conclude that this programme may be an excellent means of improving at-risk preschoolers' behaviour.
Positive outcomes had yet another study with Head Start children (47) , in which a classroom-based music and movement intervention was implemented 30 minutes twice a week, over 26 weeks on 130 Head Start children and their communication skills were compared to those of 77 children constituting CG. According to the results, the communication skills of EG were improved significantly more than the CG's ones, a fact that according to the authors may help preschool children to take advantage of learning opportunities at school.
DISCUSSION
The significant role of PA throughout the lifespan has been recognized around the world. However, whereas there is sufficient evidence about the benefits of PA in adulthood, the research findings become less and less as the population studied becomes younger. Taking into consideration the important role of preschool years for human's development, the scarcity of research evidence for that specific period sounds surprising. In the present study, an attempt was made to provide the existing evidence for the effect of oPA on preschool aged children's health. To our knowledge, this is the first review examining the aforementioned issue. Previous reviews concerning PA in preschool years focus on individual aspects of health, such as obesity (51, 52) and motor development (53) or examine how effective interventions are in increasing PA (54, 56) . Only the review of Timmons et al. (6) examines all health indicators. Nonetheless, this study concerns only children aged up to four and it has to do with PA in general and not specifically with organized one.
Starting with adiposity, only four studies were detected whose results are conflicting ranging from significantly positive (17) to insignificant (14) (15) (16) . With that evidence, it is difficult to decide how PA intervention could be effective in limiting weight gain or in reducing weight excess in preschool children. There are several possible explanations for those unclear findings. First of all, the choice of the measured outcomes may account for the failure of intervention accomplishment. Most studies reviewed used the BMI and/or other anthropometric measurements. In agreement with Monasta et al. (52) we are sceptical about the appropriateness of those indicators for preschool aged children. A better indicator might be the timing of adiposity rebound. Children who have their adiposity rebound earlier than at 5-6 years of age run a greater risk of suffering from obesity in adulthood (56) .
Secondly, PA intensity should be taken into account, as it seems strongly associated with children's weight status (12) . It is worth noticing that in studies in which oPA interventions were implemented in schoolchildren, those who maintained the highest heart rates during the intervention sessions displayed the greatest decrease in body fat (57) . Finally, the multifactorial nature of BMI has to be discussed. Many variables, non-modifiable (e.g. age, family history for overweight) and modifiable ones (e.g. diet and PA) affect children's BMI. As a result, overweight and obesity require multi-faceted interventions including PA, inactivity, diet, schools, and families (58) . However, according to WHO (59) , since it is difficult for an obese child to lose weight through PA and healthy diet, the prevention of excess body weight in early ages is a strategy that can provide significant long-term benefits.
Regarding the impact of oPA on preschoolers' bone health, the findings of the two unique studies identified, reported in three papers (20, 22, 23) , are promising; on the other hand they are limited as for conclusions to be drawn. The main body of the relevant literature has focused on older children and research evidence has indicated that a high level of PA early in life is connected with high bone density in adulthood (60) . Longitudinal research findings in preschoolers would provide valuable information about the influence of PA on young children's bone health indicators.
Although evidence for the role of oPA on young children's bones development is limited but promising, there is a total absence of studies examining the effect of PA intervention on cardiovascular health indicators in that specific age. In contrast to the above, numerous studies have looked into the positive effects of a movement programme on young children's motor development. Taken into consideration that developmentally appropriate movement programmes favour children's motor development (61) , the important role of oPA against the negative influence of modern lifestyle on children's health is obvious.
At this point it is important to note the interrelationship between motor proficiency and PA. A high level of motor skills in early childhood forms the basis for an active lifestyle, making children's participation in PA easier and leading them to a more active adulthood (62) . On the other hand, children with poor motor skills tend to be less physically active (29) . In that way, they miss the chance of developing their motor skills and that results to a further and permanent avoidance of PA and adoption of a risky behaviour for their health lifestyle (63) . Consequently, aiming at improving motor skills in preschool age may lead to greater participation in PA.
In regard to preschoolers' cognitive development only two intervention studies were traced with one revealing that PA lessons can improve children's creative fluency and imagination (45) and the other failing to prove that a music/movement programme can affect participants' language skills (46) . Finally, the limited number of the four studies focusing on the psychosocial effects of PA provides promising findings for both children's self-concept and communicative skills.
From the above, it is apparent that further research into the relationship between oPA and health in preschool age is required so as conclusions for that important issue to be drawn. First, there is a need for the development of more valid, sensitive, reliable, and user-friendly tools for measuring PA in preschool children, which should measure the amount and pattern of activity and inactivity. Moreover, longitudinal studies are needed so as not only the short-term outcomes of PA on children's health but also the long-term ones to be assessed and the most efficient PA programmes for early years to be determined. Additionally, future research should seek to identify the causal pathways that lead to changes in PA and its effects on health; identify possible variable mediation; and explore the relationship between duration and intensity of interventions and changes in PA. Finally, the potential risks of PA for children's health have to be discussed. In the reviewed studies, no injuries caused by PA intervention were reported. However, the risk of injuries when a child replaces free play with competitive participation in sports should be underlined.
Even though the research evidence for the effects of oPA is in its infancy, the fact that most of that evidence was positive should be taken into consideration. Given the children's reduced spontaneous PA in current days, the responsibility of people engaged in preschool education and health to promote developmentally appropriate oPA becomes great. The USA Association for Sport and Physical Education' guidelines (64) suggest that preschoolers should participate in 60 minutes of oPA every day. Therefore, preschool and child care settings might play a critical role, given the large amount of time children spend there everyday. Recent research evidence (55) has revealed that those settings could offer opportunities for increasing PA and improving motor skills. In order to achieve both the aforementioned purposes PA classes should be integrated in preschoolers' daily school life. However, in most countries this is not the case. It is surprising that nowadays, when childhood obesity has become an epidemic, PA has not yet been an integral part of preschool curriculum. Nevertheless, the implementation of developmentally appropriate PA classes should be a main axis of effective policies for public health promotion. The other important axis should be the awareness of the "significant others" of young children's life so as to positively contribute to PA promotion. Family, neighbourhood, teachers, and society should support the engagement in PA. Among them, parents play a vital role (54) . They should be informed and educated so as to encourage their children to participate in PA and be themselves physically active in order to act as role models for their offsprings.
CONCLUSIONS
From the present review it becomes clear that, except for motor skills, the current information about the effect of oPA on preschoolers' health is deficient. Current research provides encouraging results, but questions about the kind, intensity, amount or frequency of PA required so as children's health to be enhanced still remain. The content of the implemented interventions ranged from PA lessons to dance and creative movement, while the sessions frequency varied. Moreover, although the intensity of PA is known to affect health indicators, it was not assessed in the studies reviewed, impeding in that way drawing conclusions about the adequate level of intensity in order to achieve optimal effects.
There is a long way ahead, so as sound evidence about the best PA practices for health promotion in preschool years to be identified. However, that specific period is too important for human development to remain unexploited or even be lost. Investing in developmentally appropriate PA programmes in early years will contribute to better life quality of nowadays children and future citizens of this world.
